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Abstract 
The realization and characterization under laboratory conditions of a wireless sensor network for the monitoring of specific 
Volatile Organic Compounds (VOCs) is presented towards its potential application at industrial installations. The sensing unit is 
an array of InterDigitated Chemocapacitors (IDCs) coated with semi-selective polymers as sensing layers. The capacitance 
changes are recorded with a miniaturized read-out electronics module and are transmitted via a wireless network. The recorded 
responses demonstrate that the system can be potentially applied to remote real-time unattended industrial environment 
monitoring. 
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1. Introduction  
The monitoring, evaluation and control of the gaseous environment with the use of wireless sensor networks 
(WSN) appears to be the future trend in the industrial installations [1-3]. This is the consequence of fabrication 
increasingly smaller sensing devices with low power operation. Miniaturization of detection systems is of critical 
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importance, making possible measurements on-site in real time, rather than collecting samples for delayed laboratory 
analysis.  
The key components of an intelligent and smart Wireless Sensor Network are usually several sensing nodes 
integrated with sensors of the same transduction principle. These sensors are analytical devices where a sensing 
material is applied onto a suitable physical transducer to convert a change in a property of a sensing material into a 
readable form of energy [4]. The signal obtained from the transducer is further processed to provide useful 
information about the concentration of species in the sample. The energy-transduction principles that are usually 
employed for chemical sensing involve radiant, electrical, mechanical and thermal types of energy. These nodes 
gather information from the surrounding environment and communicate with each other to send the measured data to 
a base station for further processing [5]. 
In this study a hybrid sensor array composed by 8 InterDigitated Chemocapacitors (IDCs) with the appropriate 
read-out electronics is used as the analytical device. Then this system is connected with the wireless node unit. 
Evaluation of the wireless sensor network is performed under laboratory conditions simulating industrial 
installations environments consisting of humidity and vapours of selected volatile organic compounds.  
2. Experimental
The miniaturized InterDigitated Electrodes (IDEs) are fabricated on Si wafer with a thick dielectric layer on top, 
through standard micromachining/microelectronic processing. It is crucial for the design of IDE layout to ensure that 
the thickness of the dielectric layer should be higher than half the spatial periodicity (Ȝ=2(W+G)) of the metallic 
electrodes in order to avoid the penetration of the electric field below the substrate [6]. Thus short-circuit effects and 
cross-talk between chemocapacitors on the same chip are eliminated. The optimum IDEs layout design was selected 
after previous studies investigating the feasible fabrication, without cost in the manageable disposal of the polymeric 
sensing material on the sensing area, in conjunction with the gain in terms of sensitivity as electrodes critical 
dimension is miniaturized [7], Fig 1.  
The sensor array consisting of 8-IDEs with critical dimension of 1.0ȝm W(=G). Each IDE is coated with a 
different polymeric material forming an InterDigitated Capacitor (IDC). The IDC array is integrated with an 
electronic module that allows for the operation, control and data transfer to a PC or other unit with data storage and 
processing capabilities [8]. The polymers were selected on the basis of different selectivity to the vapor analytes of 
interest (EtOAc: ethyl acetate and water). In particular, studies on the pervaporation of water–ethyl acetate mixtures 
through the dense poly(dimethylsiloxane) (PDMS) membranes exhibit a large scale perm-selectivity for ethyl acetate 
[9, 10]. Accordingly, PDMS coated sensors seem to be ideal for this particular demanding application. Monitoring of 
the humidity levels is achieved with high selective hydrophilic polymers.  
The sensor array is integrated with the appropriate read-out electronics. The read-out electronics sub module can 
be brought to a fairly low dissipation level (4.75mW) at reduced acquisition rate, while its stand-by operation is even 
lower (2.35mW). Then the hybrid sensing system is connected with the wireless node unit which in turn is guided to 
a PrismaSense ZigBee to WiFi Gateway wireless communication unit. This communication unit serves as the 
ZigBee sensor network coordinator, as well as the bridge between the ZigBee and the WiFi network. The 
communication is bidirectional; sensor data are sent via the Gateway to the server and vice-versa. Data are sent for 
configuration needs from the server to a PC for processing with the appropriate software.  
 
Fig. 1. (a) SEM image of an IDE structure with measured critical dimension (W= G= 1.0ȝm) and (b) SEM image of the SU-8 thick well around 
each sensing area of the 8-IDC sensor array. 
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3. Results
The evaluation of each sensor of the sensor array is performed, under dynamic laboratory conditions, by the 
bubbling technique with the use of a computer controlled, via LabView software, vapour delivering experimental set 
up [11]. In Fig. 2 a typical example of dynamic laboratory measurements of the wireless sensor node, with data 
transferred and monitored in an interface program, upon exposure to increasing relative humidity levels is 
performed.  
 
Fig. 2. Dynamic measurements of the wireless node upon exposure to increasing humidity levels (10% -60 % Relative Humidity at 30oC), under 
laboratory conditions (right-hand plot in the interface software is zoom in two selected sensors of the sensor array). 
Subsequently, the equilibrium responses are calculated, as in Fig. 3. For the three selected sensors of the sensor 
array coated with the same polymer the dC(fF) vs. Cg (ppm) plots were linear, due to the low Cg range studied, and 
the sensitivity (expressed as dC/Cg) for the specific polymer-analyte system is estimated. From the dC/Cg values, in 
conjunction with the acceptable signal to noise ratio (S/N3), the limit of detection (LOD) is estimated to be lower 
than the TWA value (400ppm) of the analyte-target. 
 
Fig. 3. Equilibrium responses of three same polymer-coated sensors of the sensor array upon exposure to different concentrations of ethyl acetate 
(EtOAc) under laboratory conditions. 
4. Conclusions 
The results above indicate that the introduced wireless sensor node, consisting of an array of 8 polymer coated 
capacitive sensors and low power read-out electronics, is capable for detection of low concentrations of specific 
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Volatile Organic Compounds (VOCs) present at industrial installations. Further studies about data post-processing 
with Principal Component Analysis (PCA) are under investigation.  
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